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(54) MULTI-WAVELENGTH LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting element 
emitting light of a plurality of wavelengths from a single emission 
layer and emitting light of multiple colors, especially white color, 
by simply injecting a current into a set of p-type and n-type 
electrodes. 

SOLUTION: The element structure comprises a sapphire C face 
substrate 1 , a GaN buffer layer 1 1 grown under a low 
temperature, an undoped GaN layer 12, an Si doped n-GaN 
contact layer 21, a multiple quantum well MQW emission layer 3 
having a plurality of well layers, an Mg doped p-AIGaN clad layer 
22, and an Mg doped p-GaN contact layer 23. The emission 
layer 3 can emit light of a plurality of wavelengths by providing 
such a multilayer structure as the emitted light includes two or 
more peaks in the emission spectrum, e.g. a plurality of groups 
where the band gap of the well layers is differentiated. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The multi-wavelength light emitting device characterized by having the multilayer structure 
which emitsithe light which includes at least two or more peaks in an emission spectrum in a light 
emitting device equipped with a n-type-semiconductor layer, a p type semiconductor layer, and the 
luminous layer that consists of multilayer structure in a luminous layer. 

[Claim 2] The multi-wavelength light emitting device according to claim 1 characterized by the bird 
clapper from the multiplex quantum well structure where a luminous layer has two or more well layers. 
[Claim 3] The multi-wavelength light emitting device according to claim 2 characterized by having 
arranged at least two or more quantum well layers which changed luminescence wavelength by changing 
any one sort of a band gap, well layer thickness, the amount of doping or a kind, and the piezo field 
strength, or two sorts or more in multiplex quantum well structure. 

[Claim 4] The multi-wavelength light emitting device according to claim 2 to which luminescence 
wavelength is characterized by having the multiplex quantum well structure of having at least one [ at a 
time ] a less than 520nm well layer and a well layer 520nm or more, respectively, in a luminous layer. 
[Claim 5] The multi-wavelength light emitting device according to claim 4 which luminescence 
wavelength sets the group of A and a well layer 520nm or more to B for the group of a less than 520nm 
well layer, and is characterized by allotting the well layer belonging to Group A to the side which 
supplies an electron hole. 

[Claim 6] The multi-wavelength light emitting device according to claim 4 which luminescence 
wavelength sets the group of A and a well layer 520nm or more to B for the group of a less than 520nm 
well layer, and is characterized by allotting the well layer belonging to Group A to the side which 
supplies an electron. 

[Claim 7] The multi-wavelength light emitting device according to claim 2 to which it is characterized by 
the well layer and luminescence wavelength of less than 500nm having [ luminescence wavelength / the 
well layer and luminescence wavelength of less than 550nm ] the multiplex quantum well structure of 
having a well layer 550nm or more one or more, respectively, in a luminous layer by 500nm or more. 
[Claim 8] The multi-wavelength light emitting device according to claim 7 to which luminescence 
wavelength is characterized by allotting Group B in the middle which can come and looks Group C like 
[ the side which supplies / the group of a less than 500nm well layer / an electron for Group A to the 
side to which B and luminescence wavelength set the group of a well layer 550nm or more to C for the 
group of a less than 550nm well layer by 500nm or more, and A and luminescence wavelength supply an 
electron hole ]. 

[Claim 9] The-' multi-wavelength light emitting device according to claim 7 to which luminescence 
wavelength is characterized by allotting Group B in the middle which can come and looks Group C like 
[ the side which supplies / the group of a less than 500nm well layer / an electron hole for Group A to 
the side to which B and luminescence wavelength set the group of a well layer 550nm or more to C for 
the group of a less than 550nm well layer by 500nm or more, and A and luminescence wavelength supply 
an electron ]. 

[Claim 10] The multi-wavelength light emitting device according to claim 4 or 7 characterized by 
constituting so that it may become small towards the side which supplies an electron from the side 
which supplies'an electron hole for the band gap of a well layer. 

[Claim 1 1] The multi-wavelength light emitting device according to claim 4 or 7 characterized by 
considering as EB<EWL +0.8 [electronu volt] when the larger one of the band gap of the well layer which 
adjoins a barrier layer is set to EWL [electronu volt] and the band gap of this barrier layer is set to EB 
[electronu volt]. 

[Claim 12] The multi-wavelength light emitting device according to claim 4 or 7 characterized by 



V 

thickening width of face of the barrier layer which adjoins the well layer which emits the light of short 
wavelength compared with the barrier layer which adjoins the well layer which emits the light of long 
wavelength. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to compound semiconductor 

element, especially a light emitting device. 

[0002] 

[Description of the Prior Art] Light Emitting Diode which carries out white luminescence is developed 
and put in practical use in combination with the fluorescent substance which is excited by the blue glow 
emitted from blue Light Emitting Diode and this Light Emitting Diode, and emits yellow fluorescence. The 
white light source using such a Light Emitting Diode (solid-state light emitting device) is expected as the 
new light source for lighting of the next generation. Otherwise, this white light source is realized by the 
combination of ultraviolet Light Emitting Diode and the fluorescent substance which changes ultraviolet 
radiation into many wavelength, the method of combining visible Light Emitting Diode of two or more 
colors, such as blue, green, and red, further, etc. 

[0003] However, it is thought that the method using ultraviolet Light Emitting Diode has the large energy 
loss by wavelength conversion, and a limitation is in energy use efficiency in order to change into the 
light of low energy the ultraviolet rays which poured in the carrier of a high energy and emitted light. 
This problem exists similarly, when using it combining blue Light Emitting Diode and a fluorescent 
substance. On the other hand, in order that the method of acquiring the white light by the 
complementary color relation using visible Light Emitting Diode of two or more colors may not have 
wavelength conversion, energy use efficiency has the advantage of excelling. However, it becomes the 
multipoint light source, and since the degradation modes in which mixture of light is bad and in which a 
drive circuit becomes complicated since driver voltages differ for every luminescence wavelength differ 
for every luminescence wavelength, it has many troubles of a color tone changing with time. 
[0004] 

[Problem(s) to be Solved by the Invention] In view of the above-mentioned trouble, this invention 
persons tried to develop the high multi-wavelength light emitting device of the energy use efficiency by 
which direct current to light transference is carried out which does not include the wavelength 
conversion process using the fluorescent substance etc., and completed this invention. 
[0005] By the way, various Light Emitting Diodes which emit light in many wavelength from one chip 
have been devised and developed. However, the laminating of the most is carried out as a different 
luminous layer for every luminescence wavelength, and it has structure which allotted the n-type- 
semiconductor layer and the p type semiconductor layer to the both sides of each luminous layer. 
Therefore, at least one external drawing electrode is needed for each luminous layer, and problems, such 
as change of the color tone by the difference between the complexity of a drive circuit and degradation 
mode, are not solved at all. 

[0006] Unlike the above-mentioned conventional concept, this invention emits the light of two or more 
wavelength from a single luminous layer, and aims at offering the light emitting device based on the new 
concept which carries out multicolor luminescence only by moreover injecting current into p type and n 
type electrode of a lot. There is also no change of the color tone resulting from the difference between 
a single luminous layer, therefore degradation mode, it excels also in wavelength miscibility, and the 
white light source with which the drive circuit was also simplified and which is easy to treat is offered. 
[0007] 

[Means for Solving the Problem] In the conventional white light source, in order to solve the 
combination of the ** ultraviolet rays Light Emitting Diode or blue Light Emitting Diode, and a 
fluorescent substance, the combination of visible Light Emitting Diode of ** two or more colors, and the 
above-mentioned trouble of method ** using the multicolor luminescence chip of ** former, the new 



element structure where multicolor luminescence was obtained from a single luminous layer was 
developed. That is, the multi-wavelength light emitting device of this invention is characterized by 
having the multilayer structure which emits the light which includes at least two or more peaks in an 
emission spectrum in a luminous layer in a light emitting device equipped with a n-type-semiconductor 
layer a p type semiconductor layer, and the luminous layer that consists of multilayer structure. 
[0008] The above-mentioned luminous layer has multiplex quantum well structure to a desirable bird 
clapper, and many wavelength-ization can be attained by arranging at least two or more quantum well 
layers which changed luminescence wavelength by changing any one sort of a band gap, well layer 
thickness, the amount of doping or a kind, and the piezo field strength, or two sorts or more in this case 
in multiplex quantum well structure. 
[0009] 

[Function] The multiplex quantum well structure generally used as a luminous layer in a light emitting 
device is carrying out structure which allotted two or more well layers which have the usually same 
properties (band gap etc.) in order to gather luminous efficiency, namely, a barrier layer (Barrier layer) / 
well layer (Well layer) / barrier layer / well layer / .. /— a barrier layer — in a multiplex quantum well 
layer, although a well layer is the same structure (composition, a band gap, well width of face) and a 
barrier layer may also apply a modulation about width of face, composition (band gap) is the same in 
many cases except for ends 

[0010] On the other hand, it is making into the feature for the element structure which this invention 
persons developed to modulate composition (band gap) and width efface of the well layer and/or barrier 
layer which form the multiplex quantum well structure in one luminous layer, and efficient multicolor 
luminescence, especially white luminescence are obtained from a single luminous layer. That is, the light 
emitting device which enables it to obtain luminescence of different wavelength for every pair, has it by 
making two or more sorts of pairs of the well layer and barrier layer from which a property differs 
mutually intermingled in the layer recognized as one luminous layer in the usual light-emitting-device 
structure, and has at least two or more luminescence peaks in an emission spectrum is constituted. 
Since it is the direct current-to-light-transference method which does not use a fluorescent substance 
according to this composition, energy use efficiency is good, and since a luminous layer is a 
monostromatic seemingly, it is not accompanied by complication of element structure etc. 

[0011] ... .... 

[The mode of implementation of invention] Based on a drawing, it explains per embodiment ot this 
invention below. Drawing 1 shows one example of the compound semiconductor light emitting device of 
this invention. The luminous layer 3 of multiplex quantum well structure (MQW) which has from the 
bottom the Cth page substrate 1 of sapphire, the GaN buffer layer 1 1 by which low-temperature growth 
was carried out, the additive-free GaN layer 12. the n-GaN contact layer 21 of Si addition, and two or 
more well layers, the p-AIGaN clad layer 22 of Mg addition, It consists of a p-GaN contact layer 23 of 
Mg addition and the n electrode 31 is formed in the outcrop of the n-GaN contact layer 21, and the p 
electrode 32 is formed in the front face of the p-GaN contact layer 23, respectively. In this invention, 
the feature is made into multilayer structure to which the light emitted from the above-mentioned 
luminous layer 3 includes at least two or more peaks in an emission spectrum. In addition, with the peak 
said here, when two broadcloth peaks lap including not only a steep peak but a broadcloth peak and one 
peak is formed seemingly, it includes. 

[0012] Let a luminous layer 3 be the multilayer structure which includes at least two or more peaks in 
an emission spectrum as above-mentioned. This multilayer structure is typically made into multiplex 
quantum well structure. This multiplex quantum well structure is the structure where make a well layer 
and a barrier layer into one pair, and two or more steps of such pairs are accumulated. And it classifies 
according to the number of the peak light which wants to generate the pair by which accumulation was 
carried out [ aforementioned ], namely, if it is a three-wave light emitting device, grouping will be carried 
out to three, and it is made to generate the light of two or more luminescence wavelength by changing 
any parameters [ one sort of ] of a band gap, well layer thickness, the amount of doping or a kind, and 
the piezo field strength, or two sorts or more for every group of the in this invention. 
[0013] Drawing 2 is an example at the time of changing a band gap for every partition among the above 
mentioned parameters, and is drawing having shown typically the band structure of the luminous layer 3 
at the time of considering as a three-wave light emitting device. The luminous layer 3 consists of 1st 
group 3a divided to three, 2nd group 3b, and 3rd group 3c by changing the band gap of a well layer, and 
constitutes these all from additive-free InGaN. 1st group 3a which consists of well three-layer layer 31a 
and barrier layer 32a in the meantime which emit about 600nm vermilion color from the n-GaN contact 
layer 21 side in detail, 3rd group 3c which consists of well one-layer layer 31c and adjoining barrier layer 



32c which emit 2nd group 3b which consists of well one-layer layer 31b and adjoining barrier layer 32b 
which emit about 535nm green, and about 470nm blue is arranged. 

[0014] In the case of this material system, the average free process of the electron hole poured in into 
the barrier layer is said to be dozens of nm, and it becomes a technical problem although it should be 
made what layer structure in order to obtain multicolor luminescence which was made to pour in and 
diffuse an electron hole in a multiplex quantum well layer efficiently [ how ], or maintained balance. In 
the example of drawin g 2 , you may think that the electron is diffused uniformly and the balance of 
luminescence wavelength is mostly determined by the distribution of an electron hole. Therefore, 
although 3rd group 3c which makes blue luminescence was allotted to the p-AIGaN clad layer 22 side 
which is the side which supplies an electron hole, since the density of an electron hole was also high, 
well layer 31c was taken as the monolayer. Although 2nd group 3b which makes green luminescence to 
the mid-position is allotted, and hole density falls a little, since green visibility is high, the monolayer of 
well layer 31b is next, enough also as this. Although the 1st group which makes vermilion color 
luminescence was finally allotted to the n-GaN contact layer 21 side, since it falls and visibility also falls, 
three layers well layer 31a is put in, and hole density constitutes it. 

[0015] Moreover, in order to make an electron hole easier to diffuse, the band gap of the barrier layers 
32a, 32b, and 32c is also reduced from the p-AIGaN clad layer 22 side which is an electron hole supply 
side. In the design, when the larger one of band GYAPU of the well layer which adjoins a barrier layer 
was set to EWL [electronu volt] except for the ends of a barrier layer, the band gap EB of this barrier 
layer [electronu volt] was taken as EB<EWL +0.8. Thus, it gives [ the electron hole which is very hard to 
move ] a potential field and is convenient that the band gap of a well layer makes the band gap of a 
barrier layer link. 

[0016] Thus, it is that the produced multicolor light emitting device has three peak wavelengths, about 
600nm, 535nm, and 470nm, emitted from each group, and such luminescence light interferes mutually, 
and being outputted becomes the white light. When such the white light source was processed into the 
lamp and the radiant power output was measured, 3.6V (average) as blue Light Emitting Diode with same 
20mW (at the time of @20mA energization) and driver voltage were able to obtain the output. 
[0017] Dra wing 3 is an example at the time of changing a band gap for every group similarly, and shows 
typically the band structure of the luminous layer 3 at the time of considering as a two-wave light 
emitting device. The luminous layer 3 consists of 1st group 3a divided to two, and 2nd group 3b by 
changing the band gap of a well layer, and consists of additive-free InGaN(s) altogether like the case of 
the example of draw ing 2 . Also in the example of drawing 3 , you may think that the electron is diffused 
uniformly, and it is thought that the balance of luminescence wavelength is mostly determined by the 
distribution of an electron hole. Here, 2nd group 3b which is from two-layer well layer 33b and barrier 
layer 34b which emit about 475nm blue on the p-AIGaN clad layer 22, i.e., pouring of electron hole, side 
was allotted, and 1st group 3a which consists of well five-layer layer 33a and barrier layer 34a which 
emit about 575nm yellow was allotted to the n-GaN contact layer 21 side, this takes into consideration 
that hole density falls and visibility also falls, and comes out Moreover, in order to make an electron hole 
easier to diffuse, it was made to also reduce the band gap of the barrier layers 34a and 34b from the p- 
AIGaN clad layer 22 side. 

[0018] Thus, the produced multicolor light emitting device was the white light source with two peak 
wavelengths, about 575nm and 475nm, and when it was processed into the lamp and the radiant power 
output was measured, 3.6V (average) as blue Light Emitting Diode with 25mW (at the time of @20mA 
energization) and driver voltage same [ an output ] were obtained. 

[0019] Although the latter two-wave luminescence was higher in output when two kinds of above- 
mentioned white light sources were compared, when the general color rendering index compared, the 
latter was Ra=77 and as a result of the low to the former light source being Ra=92. Therefore, it can be 
told to the high light sources of a general color rendering index that it is important to increase the kind 
of well layer corresponding to luminescence wavelength. 

[0020] In the multicolor light emitting device of this invention, a radiant power output explains the result 
which investigated in detail the conditions which are more than fixed level using drawing 2 . A well layer 
is numbered from a p-AIGaN side (n). (It defines by EW[electronu volt] =1 .2398/lambdap from 
luminescence wavelength (lambdap [mum]) for convenience), [ the band gap EW (n) and ] Calculation 
and X are set to set point) by EB[electronu-volt] =3.39-2.50 X+X2 by setting an InN mixed-crystal ratio 
to X. the same — **** of a p-GaN side barrier layer to a number (m) — attaching — band-gap EB (m) 
( — ** Having [ linear-function approximation of n and m ]- respectively-negative inclination of EB (n) 
and EB(n+1) <EW(n) **EW(n) and EB (m) **s were the conditions which are more than level with a fixed 
radiant power output. 



[0021] Although the Cth page substrate of sapphire was illustrated here, in addition although the Ath 
page (Rth page) of sapphire, SiC (6H, 4H, 3C), GaN, AIN and Si, a spinel, ZnO, GaAs, NGO, etc. can be 
used you may use other material, if it corresponds to the purpose of invention. In addition, especially 
the field direction of a substrate may not be limited, and a substrate is sufficient as it further just, and ,t 
may be the substrate which gave the OFF angle. Moreover, you may use for silicon on sapphire etc. the 
substrate which has grown the several micrometers GaN system semiconductor epitaxially. 
[0022] Although GaN, InGaN, and AIGaN are illustrated by drawin g 1 as a semiconductor layer which 
grows on a substrate, in order to attain this purpose, the suitable layer structure which is generalized by 
AlyInxGa1-x-yN (0<=x<=1, 0<=y<=1, 0 <=x+y<=1), and is specified by the composition ratio of x and y 

can be chosen. . 
[0023] Although it is attached to arrangement of a well layer and a suitable example is described nere, 
the thermal resistance of InGaN of a high InN mixed-crystal ratio may become a problem. Although it is 
greatly dependent on crystal-growth equipment, this is required for several hours after growing up the 
n-GaN contact layer 21, lowering the temperature at 700 degrees C and growing up an In0.8Ga0.2N well 
layer until it finishes growing up the p-GaN contact layer 23. Many portions in this are spent on growth 
of a luminous layer. The heat damage worn in the meantime depending on crystal-growth equipment 
becomes a problem, and a radiant power output will be improved. 

[0024] In this case, it is producing a film from a short wavelength side, and can avoid by stacking InGaN 
of a high InN mixed-crystal ratio at the end. In this case, the multi-wavelength light emitting device 
which allotted the well layer which emits light in short wavelength to the side (n-type-semiconductor 
layer side) which supplies an electron will be realized. Namely, what is necessary is to arrange the 
quantum well portion of 3rd group 3c which is made to adjoin the n-GaN contact layer 21 which will be 
the side which supplies an electron if the problem of the above-mentioned heat damage is thought as 
important in the case of the multi-wavelength light emitting device of the example shown in drawmgJ? . 
and makes 470nm blue luminescence which is short wavelength most, and just to arrange 1st group 3a 
which makes 600nm vermilion color luminescence which is long wavelength most to the p-AIGaN clad 
layer 22 side. Also in the example shown in drawin g 3 , the arrangement place of 1st group 3a and 2nd 
group 3b should just be replaced. 

[0025] Although illustrated in the example explained above about the case where change a band gap by 
mainly changing composition of a well layer, and luminescence wavelength is changed, the method of 
changing any one sort, such as well layer thickness, the amount of doping or a kind, and piezo field 
strength or two sorts or more besides this is also employable. 

[0026] When well layer thickness is changed, the effect that the efficiency-band gap by the quantum 
effect changes and luminescence wavelength changes, and the effect that originate in the inchnabon of 
the band structure by piezo electric field, and an efficiency-band gap changes exist. Since the effect of 
piezo electric field will become large and luminescence wavelength will be shifted to long wavelength if 
well layer thickness is made large, luminescence wavelength can be changed. For example, what is 
necessary is just to set the width efface of a well layer as 2.5nm and 7.5nm, respectively, in order to 
emit about 475nm blue glow and about 575nm yellow light. 

[0027] Moreover, by using positively luminescence related to the deep level which the impurity added 
intentionally forms, the amount of doping or kind added in a well layer can be adjusted, and 
luminescence wavelength can be changed, for example, the inside of a specific well layer Zn or 
luminescence wavelength can be adjusted by adding Zn and Si 

[0028] Piezo field strength can control the stress concerning a well layer by the design of a layer 
structure, and can change luminescence wavelength by changing an efficiency-band gap. For example, if 
aluminum is specifically added as a semiconductor composition component to a barrier layer so that it 
may become small [ a lattice constant ] about composition of the barrier layer whose well layer is 
pinched, a compressive strain will join a well layer, an efficiency— too band gap is changed, and 
luminescence wavelength changes to long wavelength. Thus, the thickness of a ground layer, a 
substrate, etc. can be adjusted further and luminescence wavelength can be adjusted by composition of 
the barrier layer in a luminous layer, or a clad layer, and changing stress. 
[0029] 

[Example 1] The element of the cross-section structure shown in drawing 1 which is one example of the 
multi-wavelength light emitting device of this invention was produced as follows. Using the Cth page 
substrate of sapphire of 500-micrometer **, crystal-growth equipment used usual ordinary-pressure 
MOVPE (organic-metal vapor phase epitaxial growth) equipment. It equipped with this silicon on 
sapphire in MOVPE equipment, and the temperature up was carried out to 1100 degrees C in the 
hydrogen rich air current. After carrying out predetermined-time maintenance and performing thermal 



etching, the temperature was lowered to 450 degrees C and about 20nm grew the low-temperature 
growth GaN buffer layer, then — up to 1000 degrees C — a temperature up — carrying out — 
additive-free [ 1000nm ] — GaN was grown up and the 3000nm n-GaN layer (Si addition) was grown up 
After lowering the temperature at 700 degrees C, 1 0nm grows the first barrier layer (m= 6) 
In0.05Ga0.95N. In0.76Ga0.24N (2.5nm **) of three layers, two-layer barrier layer InO.35GaO.65N (6nm 
**), and barrier layer In0.2Ga0.8N (m=3 or 6nm **) are grown up. Furthermore, it grew up and 2nd well 
layer InO.55GaO.45N (2.5nm **), 2nd barrier layer InO.1GaO.9N (6nm **), 1st well layer InO.35GaO.75N 
(2.5nm **), and 1st barrier layer InO.05GaO.95N (10nm **) were made into the luminous layer. In addition, 
composition used the value estimated using Eg[electronu-volt] =3.39-2.50 X+X2 from the band-gap 
value computed from the above-mentioned luminescence wavelength. The 50nm aluminum0.2Ga0.8N 
clad layer which carried out the temperature up to 1000 degrees C again, and added Mg after the growth 
end of a luminous layer was grown up, and the 100nm GaN contact layer which similarly added Mg was 
grown up further. After the crystal-growth end, to 850 degrees C, all of ammonia gas and hydrogen gas 
were switched in the style of nitrogen gas, and it cooled to near the room temperature as it is in the 
stage in which temperature fell. The substrate was taken out from the MOVPE furnace, etching 
processing, electrode formation, etc. were performed using the usual photolithography technology, 
electron-beam-evaporation technology, reactive-ion-etching (RIE) technology, etc., and, finally it 
processed and divided at the Light Emitting Diode chip. 

[0030] The obtained Light Emitting Diode chip was processed into the Light Emitting Diode lamp using 
the epoxy system resin, and measurement evaluation of the luminescence property was carried out. 
Luminescence wavelength was the white light source with three peak wavelengths, about 600nm, 535nm, 
and 470nm, and the radiant power output was 3.6V (average) as blue Light Emitting Diode with same 
20mW (at the time of @20mA energization) and driver voltage, the white light source using the 
conventional fluorescent substance — near double precision — it became a bright lamp The general 
color rendering index was Ra=92. 
[0031] 

[Example 2] The multicolor light emitting device was produced by the same method as an example 1. A 
luminous layer lowers a n-GaN layer (Si addition) at 700 degrees C, after growing up. 10nm grows barrier 
layer (m= 8) InO.05GaO.95N by the side of n. Five-layer InO.68GaO.32N (2.5nm **) and four layers reach 
barrier layer lnO.3GaO.7N (6nm **), and 3rd barrier layer InO.1GaO.9N (6nm **) is grown up. Furthermore, 
2nd well layer InO.35GaO.65N (2.5nm **), 2nd barrier layer In0.1Ga0.9N (6nm **), 1st well layer 
InO.35GaO.75N (2.5nm **), and 1st barrier layer InO.05GaO.95N (10nm **) were grown up. 
[0032] The obtained Light Emitting Diode chip was processed into the Light Emitting Diode lamp using 
the epoxy system resin, and measurement evaluation of the luminescence property was carried out. It 
had become the white light source which had two peaks, about 575nm and 470nm, in the emission 
spectrum, and the radiant power output was 3.6V (average) as blue Light Emitting Diode with same 
25mW (at the time of @20mA energization) and driver voltage. It became a lamp brighter about 2 or so 
times than the white light source using the conventional fluorescent substance. The general color 
rendering index was Ra=77. 
[0033] 

[Effect of the Invention] The multi-wavelength light emitting device of this invention as explained above 
can be suitably used as the white light source of a Light Emitting Diode formula. In this case, since it is 
the direct current-to-light-transference method which does not use a fluorescent substance compared 
with the conventional method, energy use efficiency is good, and since a luminous layer is a 
monostromatic seemingly, it is not accompanied by complication of element structure etc. Therefore, a 
drive circuit can be simplified, and it is efficient, there is also no change of the color tone which 
moreover originated in the difference between a single luminous layer, therefore degradation mode, and 
the white light source which is excellent also in wavelength miscibility can be realized. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is the cross section of the multi-wavelength light emitting device of this invention. 
[ Drawin g 2] It is the ** type view showing the band structure of the luminous layer of the three-wave 
light emitting device concerning this invention. 

[ Drawin g 3] It is the ** type view showing the band structure of the luminous layer of the two-wave 
light emitting device concerning this invention. 
[Description of Notations] 
1 Substrate 

21 N-GaN Contact Layer 

22 P-AIGaN Clad Layer 

23 P-GaN Contact Layer 
3 Luminous Layer 

31a, 31b, 31c Well layer 
32a, 32b, 32c Barrier layer 
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